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ABSTRACT 

Objective: To examine sex-specific trends in 4-year 
mortality among young patients with first acute 
myocardial infarction (AMI), 1987-2006. 
Design: Prospective cohort study. 
Setting: Sweden. 

Participants: We identified 37 276 cases (19.4% 
women; age, 25-54 years) from the Swedish Inpatient 
Register, 1987-2006, who had survived 28 days 
after an AMI. 

Outcome measures: 4-year mortality from all causes 
and standard mortality ratio (SMR). 
Results: From the first to last 5-year period, the absolute 
excess risk decreased from 1 .38 to 0.50 and 1 .53 to 0.59 
per 100 person-years among men aged 25-44 and 45- 
54 years, respectively. Corresponding figures for women 
were a decrease from 2.26 to 1 .1 7 and from 1 .93 to 1 .45 
per 100 person-years, respectively. Trends for women 
were non-linear, decreasing to the same extent as those 
for men until the third period, then increasing. For the 
last 5-year period, the standardised mortality ratio for 
young survivors of AMI compared with the general 
population was 4.34 (95% CI 3.04 to 5.87) and 2.43 
(95% CI 2.12 to 2.76) for men aged 25-44 and 45- 
54 years, respectively, and 13.53 (95% CI 8.36 to 19.93) 
and 6.42 (95% CI 5.24 to 7.73) for women, respectively. 
Deaths not associated with cardiovascular causes 
increased from 21 .5% to 44.6% in men and 41 .5% to 
65.9% in women. 

Conclusions: Young male survivors of AMI have low 
absolute long-term mortality rates, but these rates remain 
twofold to fourfold that of the general population. After 
favourable development until 2001 , women now have 
higher absolute mortality than men and a 6-fold to 1 4- 
fold risk of death compared with women in the general 
population. 



INTRODUCTION 

Survival after acute myocardial infarction 
(AMI) has improved during the past several 
decades in Sweden and elsewhere. 1-3 



Strengths and limitations of this study 



■ Population-based study, that includes all cases 
with first acute myocardial infarction, aged 25- 
55 years, in Sweden during a period of 20 years. 

■ Strengths include nationwide coverage and near- 
complete follow-up. 

■ The main limitation is that the used register does 
not provide data covering clinical characteristics 
or treatment which could have been valuable to 
estimate their impact on mortality. 

Nonetheless, coronary heart disease (CHD) 
remains a major contributor to morbidity 
and mortality with more than one in five 
men and women currently dying from CHD 
in Europe. 4 5 Survivors of AMI are known to 
have an impaired prognosis compared with 
the general population. 6 In a recent study 
from England, the long-term risk of death 
due to any cause among survivors of first 
AMI was twice that of the general English 
population of equivalent age. 7 

Most patients with AMI are elderly; accord- 
ingly, most information on long-term survival 
is based on patients older than 55 years. 
However, about one in six AMI survivors is 
younger than 55 years. 8 Knowledge of prog- 
nosis among young patients with AMI is 
essential because younger patients stand to 
lose more of their remaining life years com- 
pared with older patients. This applies par- 
ticularly to women because women have a 
longer life expectancy. 

Further, younger, but not older, women 
hospitalised with AMI have a worse long-term 
prognosis than men as shown in analyses of 
patient populations dating from the 1980s 
and 1990s. 9 10 However, there have since 
been marked changes in treatment, 
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diagnostic criteria and post-AMI prognosis. A recent 
study found that reductions in long-term mortality after 
1985 were at least as high for women as for men with 
AMI, 11 but the study did not specifically report findings 
for young patients. An additional study found that 
reductions in mortality were similar regardless of age 
but that younger patients are more likely to receive 
evidence-based care. 12 

Few data sets contain a sufficient number of young 
patients to reliably estimate risk of death compared with 
the general population. In addition, more information is 
needed about cause-specific mortality, because an 
unknown proportion of deaths may not be due to car- 
diovascular causes, and will thus be less amenable to cor- 
onary preventive measures. In the present study, we 
examined sex-specific trends in long-term survival in a 
register-based cohort of patients aged 25-54 years hospi- 
talised with first AMI during 1987-2006, and compared 
death rates for men and women separately with those of 
the general population. 

METHODS 

Registries and study population 

Sweden has a publicly financed healthcare system, with 
some healthcare facilities privately run but still fully inte- 
grated into the healthcare system. The Swedish National 
Inpatient Register (IPR) has established complete 
national coverage since 1987. One study stated that posi- 
tive predictive values (PPV) differ among diagnoses in 
the IPR, but are generally between 85 and95%. PPV for 
myocardial infarction was about 98-100% and the sensi- 
tivity was 77-9 1.5%. 13 Another validation study con- 
cluded that the accuracy of correct diagnosis in AMI was 
86% regardless (1987-1995) of age and gender. 14 More 
recent data are lacking. Diagnoses in the IPR are coded 
according to the Swedish International Classification of 
Diseases (ICD) system (ICD 8th revision until 1986, 9th 
revision until 1996 and 10th revision thereafter). In the 
present study, data from the IPR and the Swedish Cause 
of Death Register were linked through personal identity 
numbers unique to each Swedish citizen. The Cause of 
Death Register is based on diagnosis from death certifi- 
cates. In 2008, 0.8% of death certificates were missing or 
insufficient (2. 7%). 15 Validity of a correct diagnosis of 
ischaemic heart disease (IHD) in the general population 
in 1995 was 87%. 16 

The present study included all 38 836 cases (31 216 
men, 7620 women) in Sweden aged 25-54 years, dis- 
charged from hospital after first AMI in 1987-2006; AMI 
was defined as a principal discharge code according to 
the ICD-8 : 410 (until 1987), ICD-9: 410 (until 1996) 
and ICD-10: 121 (from 1997 onwards). After excluding 
1560 cases who died during the first 28 days, 1169 men 
(3.01% of cases), median age 50, and 391 women 
(1.01% of cases), median age 49, 37 276 cases (7229 
women and 30 047 men) with first AMI remained for 
analysis. Data from 1980 onwards were used to identify 



first AMIs only, with a time frame of 7 years throughout, 
to ensure that AMIs registered each year had the same 
chances of being identified as first AMIs. Owing to the 
7-year time frame, 443 cases were recurrent AMIs after 
7 years (53 women, median age 52; 390 men, median 
age 51). Criteria for diagnosis of AMI in Sweden have 
followed established guidelines, changing after the adop- 
tion of new AMI criteria in the year 2000. 17 18 Thus, the 
characteristics of AMIs in our analysis changed during 
the study period. Use of troponins became standard 
after the year 2000. 

Comorbidities were defined by the following main or 
contributory discharge codes during the preceding 
7 years, including the index hospitalisation: diabetes 
(ICD-9 250; ICD-10 E10-E14), hypertension (ICD-9 
401-405; ICD-10: 110-115), valvular disease (ICD-9 394- 
397, 424; ICD-10 105-109, 134-135), congenital heart 
disease (ICD-9 745-747; ICD-10 Q20-Q26), stroke 
(ICD-9 431-434, 436; ICD-10 161-164), chronic respira- 
tory disease (ICD-9 490-496; ICD-10 J40-J47), malig- 
nancy (ICD-9 140-208; ICD-10 C00-C97), renal failure 
(ICD-9 584-586; ICD-10 N17-N19), coronary artery 
bypass grafting (3067, 3066, 3105, 3127, FNA, FNB, FNE, 
FNC) and percutaneous coronary intervention (3080, 
FNG 00, FNG 02, FNG 05) . 

Follow-up 

We analysed 4-year all-cause mortality for four 5-year 
periods (1987-1991, 1992-1996, 1997-2001 and 2002- 
2006) through the Swedish Cause of Death Register. The 
following codes were used for assignment of causes of 
death among fatal cases: CVD (390-459, 100-199), IHD 
(410-414, 120-125), stroke (430-438, 160-168) and all 
other causes (including malignancies; 140-208, C00-C97). 

Statistical analysis 

Statistical analyses were performed with SAS 9.3 (R 
V.2.15.1 to obtain the graphs). For comorbidities, % 2 tests 
were used to evaluate differences between men and 
women and for trends; a p value of <0.05 was consid- 
ered significant. To compare mean age within the 
respective age groups, t tests were performed. 

Standardised mortality ratios (SMR) with 95% CIs 
were calculated as the ratio of the observed to expected 
number of deaths, for 4-year follow-up during each 
period, estimated from rates in the general Swedish 
population by gender, age and calendar year, using life 
expectancy tables from Official Statistics of Sweden 
(SCB). 

To examine the excess mortality risk in the study 
population absolute risk (AR) was calculated separately 
for the general population and the study population by 
dividing the observed mortality with person time. This 
yields an average annual excess risk for each period. 
The absolute excess risk (AER) is the difference 
between the observed and the expected AR. For stand- 
ardisation purposes, the estimates were then multiplied 
by 100 person-years. The AER calculations add a useful 
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measure of excess risk in absolute terms. Life expectancy 
tables from SCB) were used to calculate the expected 
mortality in the Swedish general population by gender, 
age and calendar year. 

Cox proportional hazard regression, providing HR 
with 95% CIs, was used to estimate age and gender- 
specific changes in all-cause mortality over time. 19 The 
first period (1987-1991) was used as reference. The mul- 
tivariable models were adjusted for age, diabetes, hyper- 
tension, valvular and congenital heart disease, stroke, 
chronic respiratory disease, malignancy and renal 
failure. Furthermore, in the final model the periods 
were also tested for proportionality by interactions of 
age, time and with significant comorbidities only (men, 
45-54; malignancies, women, 45-54; chronic respiratory 
disease). 

The Kaplan-Meier method was used to estimate sur- 
vival probability. The proportionality assumption of Cox 
regression was tested by including interactions between 
covariates (age, gender and period) with time; neither 
interaction test was statistically significant. 20 A log-rank 
test was conducted to study changes in survival between 
the time periods. 

RESULTS 

Of the 37 276 cases in the study, 7905 (21.2%) were 
aged 25-44 years (19.6% women) and 29 371 (78.8%) 
were aged 44-54 years (19.3% women). Other than dia- 
betes and hypertension (11% for both), this population 
had few diagnosed comorbidities (table 1). Women had 
more diabetes, hypertension, chronic lower respiratory 
disease and malignancies than men (p<0.0001). 

Online supplementary table SI shows the comorbid- 
ities for each 4-year period. All comorbidities except for 
congenital heart diseases increased significantly over 
time. Diabetes and hypertension were the most 



prevalent comorbidities in men and women but the 
rates of other comorbidities remained low even in the 
last period (<4%). 

During the study period (1987-2006) annual rate per 
100 000 population in men and women aged 25- 
54 years surviving a first AMI for at least 28 days 
decreased among men from 92.3 per 100 000 in 1987 to 
72.1 in 2006 (figure 1). Women, on the other hand, 
showed a different pattern with an increase from 17.4 
per 100 000 in 1987 to 22.3 in 2006 (p value for men 
<0.0001, for women 0.0003). 

Survival in men improved continuously over the four 
5-year periods (figure 2), while the prognosis in women 
improved until the third period (1997-2001), then 
reverted to a risk nearly identical to that in the second 
period (figure 3). 

Table 2 shows mortality by sex, age group and period. 
For men aged 25-44 years, the annual excess risk of 
dying decreased continuously from 1.38 to 0.50 deaths 
per 100 person-years from the first to last period, with 
an SMR of 4.34 (95% CI 3.04 to 5.87) during the last 
5-year period. Corresponding figures for men aged 45- 
54 were a decrease from 1.53 to 0.59 with an SMR of 
2.43 (95% CI 2.12 to 2.76) in the last period (2002- 
2006). Women displayed more complicated trends, start- 
ing from higher ARs of dying compared with men, 
decreasing sharply until a nadir in 1997-2001, and then 
increasing to 1.17 and 1.45 deaths per 100 person-years 
in women aged 25-44 and 45-54, respectively, in the last 
period. This was more than twice the risk in men of the 
corresponding age groups. Very high SMRs were noted, 
particularly for the youngest women, at 13.53 (95% CI 
8.36 to 19.93) in the last period and 6.42 (5.24 to 7.73) 
in women aged 45-54 years. 

In men aged 25-44 years, the mortality risk decreased 
by 70% during the study period (multivariable adjusted 
HR: 0.30, 95% CI 0.20 to 0.44). A similar decrease was 



Table 1 Baseline characteristics in 37 276 men and women aged <55 years with first AMI, 1987-2006 





All 


Men 


Women 


p Value 


Number of cases 


37 276 


30 047 


7229 




Age 25-44, n (%) 


7 905 (21 .2) 


6 357 (21.2) 


1548 (21.4) 




Mean age (SD) 




40.21 (3.74) 


39.84 (4.04) 


0.055 


Age 44-54, n (%) 


29 371 (78.8) 


23 690 (78.8) 


5681 (78.6) 




Mean age (SD) 




50.31 (2.75) 


50.39 (2.76) 


0.0549 


Diabetes, n (%) 


4 064 (10.9) 


3 017(10.0) 


1047 (14.5) 


<0.0001 


Hypertension, n (%) 


4110 (11.0) 


3141 (10.6) 


969 (13.4) 


<0.0001 


Valvular disease, n (%) 


287 (0.77) 


21 1 (0.70) 


76 (1.05) 


0.0023 


Congenital heart disease 


36 (0.10) 


23 (0.08) 


13 (0.18) 


0.0111 


Stroke, n (%) 


412 (1.11) 


302 (1.01) 


110 (1.52) 


0.0002 


Chronic lower respiratory disease, n (%) 


557(1 .49) 


368 (1 .22) 


189 (2.61) 


<0.0001 


Malignancy, n (%) 


354 (0.95) 


255 (0.85) 


99 (1.37) 


<0.0001 


Renal failure 


230 (0.62) 


164 (0.55) 


66 (0.91) 


0.0003 


CABG*, n (%) 


253 (0.68) 


221 (0.74) 


32 (0.44) 


0.007 


PCI*, n (%) 


235 (0.63) 


198 (0.66) 


37 (0.51) 


0.16 



*Procedures dating at least 6 months prior to hospitalisation for AMI. 

AMI, acute myocardial infarction; CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention. 
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Figure 1 Annual rate per 100 000 population in men and 
women aged 25-54 years surviving a first acute myocardial 
infarction for at least 28 days. 



seen in men aged 45-54 years (multivariable adjusted 
HR: 0.32, 95% CI 0.27 to 0.38). Women aged 25- 
44 years had an overall decline in mortality risk of 
approximately 50% (multivariable adjusted HR: 0.47, 
95% CI 0.27 to 0.83). No significant decrease in mortal- 
ity risk in the last, compared with the first period was 
observed in women aged 45-54 years (age-adjusted HR: 
0.77, 95% CI 0.59 to 1.02), but after adjustment for 
comorbidities there was a significant decrease in risk 
(HR: 0.53, 95% CI 0.39 to 0.71). 

Table 3 shows causes of death for the 2076 deaths that 
occurred within 4 years in this cohort. In 1987-1991, 
74.8% of all deaths within 4 years were due to cardiovas- 
cular disease (CVD) (78.6% for men and 58.5% for 
women) with a majority due to IHD. However, during 
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Figure 2 Four-year trend in survival probability by period 
and time among men (n 30 047) aged 25-54 years with first 
acute myocardial infarction. 
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Figure 3 Four-year trend in survival probability by period 
and time among women (n 7229) aged 25-54 years with first 
acute myocardial infarction. 



the last period (2002-2006), only 48.4% of all deaths 
were due to CVD (55.4% for men and, notably, only 
34.1% for women). 



DISCUSSION 

The present study showed that young male survivors of 
AMI have low absolute long-term mortality rates; 
however, these rates remain are twofold to fourfold 
those of the general population. After favourable devel- 
opment in younger women until 2001, when new cri- 
teria for AMI were adopted and troponins became 
standard, women had higher absolute mortality than 
men in the last period and showed a dramatically higher 
risk of death than healthy women. However, fewer than 
half of all deaths in women were due to CVD in the last 
period. 

Few studies have specifically investigated long-term 
outcomes in young patients with AMI. One Swedish 
study based on the Register of Information and 
Knowledge about Swedish Heart Intensive Care 
Admissions (RIKS-HIA) 21 investigated all consecutive 
patients younger than 46 years treated for ST-elevation 
myocardial infarction (STEMI) in Sweden, 1995-2006 
(1748 men, 384 women). Long-term annual mortality 
was around 1% with no difference between men and 
women, similar to our study. Accordingly, in absolute 
terms and consistent with prior publications from our 
group, 1 annual mortality rates in AMI survivors younger 
than 55 years are estimated at about 1%. This is in con- 
trast to older patients in Sweden, among whom annual 
mortality rates are about 6% for those aged 65-74 years 
and more than 12% among patients aged 75-84 years. 1 
The current low absolute mortality figures are a vast 
improvement on prior estimates. In a retrospective 
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Table 2 Observed versus expected mortality ratio, estimated over 4 years, standardised mortality ratio, AR, absolute excess 



risk and HR for mortality by age group and period among 37276 men and women aged <55 years with first AMI 


Age, period 


Observed* 


Expectedf 


SMR (95% CI) 


AR* 


AER§ 


HR (95% CI)H 


HR (95% CI)** 


Men 25-44 
















a /^i o — 7 a r\r\A 

1987-1991 


113 


16 


6.88 (5.67 to 8.20) 


1 .61 


1 .38 


1 (ref) 


1 (ref) 


a nno a r\r\r* 

1 992-1 996 


81 


13 


6.16 (4.89 to 7.57) 


1 .25 


1 .05 


r\ / r\ r~ ~~7 x. a f\A \ 

0.76 (0.57 to 1 .01) 


0.73 (0.55 to 0.98) 


1 997-2001 


58 


10 


5.70 (4.33 to 7.27) 


1 .00 


0.83 


0.60 (0.43 to 0.82) 


0.53 (0.38 to 0.73) 


2002-2006 


36 


8 


A n a /o r\ A 4-^ ET 0~7\ 

4.34 (3.04 to 5.87) 


0.65 


0.50 


O A A /O OO 4-^ O OOX 

0.41 (0.28 to 0.60) 


O OO /O OO 4-^ O yl A\ 

0.30 (0.20 to 0.44) 


iv yi a r~ r~ a 

Men 45-54 
















a /"\ o — 7 a r\r\A 

1987-1991 


465 


125 


3.72 (3.39 to 4.07) 


2.10 


1 .53 


1 (ref) 


1 (ref)tt 


1 992-1 996 


379 


a a r\ 

119 


3.20 (2.88 to 3.53) 


A CO 

1 .56 


A 0"7 

1 .07 


O "7 A /O PC 4- — . r\ or\ 

0.74 (0.65 to 0.85) 


O "70 /O OH 4-„ O OHX 

0.70 (0.61 to 0.81) 


1 997-2001 


289 


108 


2.69 (2.39 to 3.00) 


1 .22 


0.77 


0 r~ ~~7 / r\ ac\ 4-^ r\ r*r*\ 

0.57 (0.49 to 0.66) 


0.50 (0.43 to 0.58) 


2002-2006 


215 


89 


O A O /O HO 4-^ O TO\ 

2.43 (2.12 to 2.76) 


0.99 


0.59 


O A ~7 /O A O 4-^ O COX 

0.47 (0.40 to 0.56) 


O OO /O O ~7 x« OOX 

0.32 (0.27 to 0.39) 


Women 25-44 
















1987-1991 


34 


2 


17.55 (12.15 to 23.94) 


2.39 


2.26 


A /„_ .fX 

1 (ref) 


1 (ref) 


1 QQO 1 QQ« 




o 


1 "7 QQ H 1 Q£ to OC^ Q"7\ 

\ 1 .yy i .yo 10 ^0.^.1 ) 


O 1 "7 


tl.KJD 


n qq to 1 
u.yo ^U.OD TO I.OO; 


n QCi /fl K1 to 1 AO\ 
U.OO (U.OI TO \ 


1997-2001 


10 


2 


6.07 (2.89 to 10.42) 


0.63 


0.52 


0.27 (0.13 to 0.55) 


0.28 (0.14 to 0.56) 


2002-2006 


21 


2 


13.53 (8.36 to 19.93) 


1.26 


1.17 


0.55 (0.32 to 0.94) 


0.47 (0.27 to 0.83) 


Women 45-54 
















1987-1991 


101 


15 


6.90 (5.62 to 8.31) 


2.25 


1.93 


1 (ref) 


1 (ref)tt 


1992-1996 


76 


16 


4.63 (3.65 to 5.73) 


1.45 


1.14 


0.64 (0.48 to 0.87) 


0.56 (0.42 to 0.76) 


1997-2001 


68 


19 


3.58 (2.78 to 4.48) 


1.08 


0.78 


0.49 (0.36 to 0.66) 


0.44 (0.32 to 0.60) 


2002-2006 


102 


16 


6.42 (5.24 to 7.73) 


1.72 


1.45 


0.77 (0.59 to 1 .02) 


0.53 (0.39 to 0.71) 



*Observed number of deaths in the study population. 
tExpected number of deaths in the general population. 
tAR per 100 person-years. 
§Absolute excess risk per 100 person-years. 
HAge adjusted. 

**Multiadjusted forage, diabetes, hypertension, valvular, congenital heart disease, stroke, chronical respiratory disease, 
failure. 

fAdjusted for changes and interaction over time, malignancy. 
^Chronic respiratory disease. 

AER, absolute excess risk; AMI, acute myocardial infarction; AR, absolute risk; SMR, standardised mortality ratio. 




malignancy and renal 



analysis of 23 published studies from the prethromboly- 
tic era, the annual death rate after the first year in 
patients with first AMI was 5% regardless of age or 
gender. 22 In the late 1980s, the annual mortality for 
patients younger than 55 years was about %%} 

There are several reasons for the observed decrease in 
mortality in younger patients with AMI. First, several 
pharmacological and coronary interventions were devel- 
oped and implemented during the study period. Nauta 
et al 12 showed that patients <55 years of age received 
evidence-based medical care and reperfusion to a 
greater extent than elderly patients. Second, some of the 
decrease is likely due to changes in diagnostic criteria 
during the study period, as well as more sensitive 
methods. 17 23 This may imply that less severe AMIs are 
detected, with improved survival, but less specificity, as 
evidenced by increased comorbidities over time and a 
higher proportion of non-CVD deaths in the last period. 
Third, there have been changes in clinical presentation, 
with less severe infarctions, 24 25 and fewer STEMIs. 26 
Factors that affect the risk of developing STEMI rather 
than non-STEMI include smoking 26 and cardioprotec- 
tive medications that lower the risk. 27 Declining smoking 
rates and more medications used in primary prevention 
could thus have contributed to milder infarctions and 
better survival. Comorbidities increased during the study 



period. However, this can probably at least partly be due 
to improvements in clinical reporting due to financial 
incitements. 13 The striking increase in hypertension can 
also probably be attributed to changes in criteria and 
guideline management by the WHO. 28 

There was a continuous decrease in case fatality 
among men; however, rates in women did not follow the 
same pattern. Mortality in women decreased until the 
third period and then increased during the fourth 
period to nearly the same level as in the second period. 
This may have been due to chance because the numbers 
were limited. However, it could also reflect differences 
in diagnostics. With increasing use of troponins, the rate 
of detection has increased, and this effect could be 
stronger for women than for men. In a study that simul- 
taneously measured creatine kinase MB (CK-MB) and 
troponin, 29 a 64% and 95% increase in the AMI rate 
among men and women, respectively, was observed 
when using troponins. Accordingly, the increasing mor- 
tality among women hospitalised in 2002-2006 could be 
due to the capture of other and more complicated types 
of myocardial damage because an increase in troponin 
levels is also seen in other conditions. 30 Even so, 
comorbidities, although increasing over time, were still 
low in the most recent period. Since the most marked 
change between the third and the fourth period of our 
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Table 3 Cause of death by period for 2076 deaths within 4 years among men and women aged <55 years with first AMI 
during 1987-2006 
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AMI, acute myocardial infarction; CVD, cardiovascular disease; IHD, ischaemic heart disease. 



study was the change from CK-MB to troponins as the 
predominant marker for myocardial damage, we specu- 
late that the additional AMIs captured by this more sen- 
sitive method are clinically different, not only in being 
smaller but also to an unknown extent reflecting myo- 
cardial damage not due to atherosclerotic disease. 
Circumstantial evidence for this might be derived from 
the increasing and much higher proportion of non-CVD 
deaths, as well as more comorbidities, in women com- 
pared with men over the study period. In the present 
study the results showed an increased rate of survivors 
but a decreasing trend in death in CVD among young 
women. These results strengthen the idea that increased 
all-cause mortality is most likely a result of a combination 
of the use of troponin and increasing comorbidities. 

Few studies have compared mortality rates in young 
patients with AMI with those in the general population. A 
record linkage of hospital and mortality data identified 
387 452 individuals in England, hospitalised with a main 
diagnosis of AMI in 2004-2010 and who survived at least 
30 days. 7 Long-term risk of death due to any cause 
among survivors of first AMI was twice that in the English 
general population of equivalent age, highest among 
younger patients aged 55-64 years (about twofold and 
threefold for men and women, respectively), and 
approached the mortality rate of the general population 
for those aged 85 years or more. Estimates for individuals 
younger than 55 years were not stated in the study by 



Smolina et al, but we have since been provided with infor- 
mation that mortality ratios were 2.6 for men and 5.6 for 
women aged 30-54 years after 4 years, which is more or 
less comparable to our findings (K Smolina, personal 
communication). For the period corresponding to that 
in the study by Smolina et at we found mortality ratios of 
4.3 and 2.4 for men aged 25-44 and 45-54 years, respect- 
ively. For women aged 25-44 years, the estimated mortal- 
ity ratio was 13.5, but this was based on very few cases 
(about four deaths per year). The estimate of 6.4 for 
women aged 45-54 years should be more reliable. It 
should be noted that women in the general population 
in this age range have very low mortality rates, which par- 
tially explains the high SMRs in women. 

The main limitation of the present study is the reli- 
ance on administrative registers with no details of 
changes in several characteristics, such as biomarkers, 
ECG findings, smoking, medication, hyperlipidaemia, 
family history, ethnicity and socioeconomic status and a 
lack of other clinical information, notably hospital treat- 
ment and clinical presentation. Also, we were unable to 
apply uniform criteria for diagnosis over time. This 
limits considerably the interpretation that can be made; 
however, the findings should be applicable to current 
patients with AMI in an industrialised modern country. 
The quality of the data is obviously of fundamental 
importance, but validation studies of the IPR indicate 
reasonable accuracy. 13 14 Incorrect death certificates 
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could lead to uncertainty with respect to attributing 
cause of death, 15 but IHD dia enoses has been estimated 
to be correct in 87% for ischaemic heart disease 
although the data for this study were collected two 
decades ago. 16 The causes of death are also considered 
to be more reliable for the younger population than for 
the elderly population. 15 

The strengths of the study include nationwide cover- 
age with virtually no loss to follow-up and the large 
sample size. Given the low mortality in absolute terms, 
larger populations are needed, particularly for women, 
because they constitute less than 20% of the AMI popu- 
lation younger than 55 years. 

CONCLUSIONS 

These data extend and update what is currently known 
about sex-specific absolute and relative survival in 
patients with AMI younger than 55 years, with a large 
population of more than 35 000 cases during a 20-year 
period. Among patients surviving for 28 days after AMI, 
the annual mortality rates are now comparatively low at 
approximately 1%. Given the much lower mortality in 
this age group in the general population, young survi- 
vors of AMI, particularly women, remain at a much 
higher risk of death, much of this, however, due to 
non-CVD causes. Accordingly, while mortality is low in 
absolute terms, younger women with AMI lose the sur- 
vival advantage women normally have over men. 
Additional strategies to bring mortality closer to that 
which would be expected for this age group are needed, 
in particular for women. 
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